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1
MOTOR FOR ENVIRONMENT-FRIENDLY
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the ben-
efit of Korean Patent Application No. 10-2012-0111550 filed
on Oct. 8, 2012 the entire contents of which are incorporated
herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a motor for an environ-
ment-friendly vehicle, and more particularly, to a technology
associated with a motor for an environment-friendly vehicle
that maximizes efficiency regardless of which driving state
the vehicle is currently in (i.e., whether the vehicle is traveling
at low speeds, medium speeds or high speeds).

(b) Background Art

Generally, a motor is mounted on environment-friendly
vehicle (including an electric vehicle, a hybrid electric
vehicle, a fuel battery vehicle, and the like) as a power source
for providing a drive source to a vehicle. More specifically, an
AC electric motor (AC motor) is used to provide this drive
force. An AC motor typically includes a stator core 1 wound
with a coil that is fixedly installed as illustrated in FIG. 1 and
a rotor core 2 is installed in the stator core 1, and a shaft 3
extracting power that is integrally coupled to the rotor core 2.
The stator core 1 is often formed by laminating a plurality of
thin electrical steel sheets 1a in order to reduce hysteresis loss
(iron loss), and insulation coating 15 is applied between the
electrical steel sheets 1a for interlayer insulation of the elec-
trical steel sheets 1a.

In most vehicles, the efficiency of the motor should be
maximized at low and medium speeds during which time the
frequency use of the motor is quite high. However, it is diffi-
cultto increase the motor’s efficiency at both low and medium
speeds due to the characteristics the currently offered motors.

In conventional motors, a method for increasing efficiency
by minimizing the hysteresis loss (iron loss) is often adopted.
Advantageously, the thickness of the electrical steel sheet 1a
is smaller while the thickness of the insulation coating 15 is
larger than conventional designs in order to minimize the
hysteresis loss (iron loss) to provide high efficiency at
medium and high speeds.

However, when the thickness of the insulation coating 15 is
increased, the thickness of the electrical steel sheet 1a which
is a pure core serving a movement passage of a magnetic flux
is relatively decreased and as a result, output from the motor
is decreased (i.e., efficiency is low) at low speeds. As a result,
a current value must be increased in order to guarantee the
same output at low speeds as medium and high speeds. Unfor-
tunately, however, when the current value is increased, power
loss (copper loss) occurs. In other words, in conventional
motors, the hysteresis loss (iron loss) is minimized by
increasing the thickness of the insulation coating 15 and thus
efficiency is increased, and this structure shows high effi-
ciency at medium/high speeds while has having a low effi-
ciency at low speeds.

The thickness of the insulation coating 156 may be
decreased in order to increase efficiency at low speeds, but in
this case, as the hysteresis loss (iron loss) is increased, the
efficiency of the motor overall decreases which is also not
ideal. Furthermore, the current value may be increased in
order to acquire the same output during low speeds as
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medium and high speeds, but power loss (copper loss) occurs
as a result of this solution. Accordingly, in conventional
motors, it is difficult to increase the efficiency at both low
speeds and medium/high speeds. Thus, a motor that is able to
bridge the gap between the two speed states is needed.

The description provided above as a related art of the
present invention is just for helping understanding the back-
ground of the present invention and should not be construed
as being included in the related art known by those skilled in
the art.

SUMMARY OF THE DISCLOSURE

The present invention has been made in an effort to solve
the above-described problems. An object of the present inven-
tion is to provide a motor for an environment-friendly vehicle
that provides high efficiency while minimizing copper loss at
low speeds and provide high efficiency by minimizing iron
loss at medium and high speeds.

An exemplary embodiment of the present invention pro-
vides a motor for an environment-friendly vehicle including:
a stator core including a first coating portion and a second
coating portion each having a different thickness of insulation
coating, respectively, that are adjacent to each other and
wound with a coil on the outside thereof and fixedly installed
within a motor case; a rotor core movably installed in a
lengthwise direction of the stator core to be positioned within
the first coating portion or positioned within the second coat-
ing portion as well as be rotatable within the stator core; a
shaft integrally coupled with the rotor core while penetrating
the rotor core; an actuator connected with an end portion of
the shaft to provide a movable force to the shaft; and a con-
troller configured to control an operation of the actuator.

In the exemplary embodiment of the present invention, the
second coating portion may be thicker than the first coating
portion. The first coating portion may include a plurality of
laminated electrical steel sheets, and a thin-film insulation
coating having a thickness in the range of about 0.5 to 1.0 pm,
which is coated on the electrical steel sheets for interlayer
insulation between the electrical steel sheets. The second
coating portion may include a plurality of laminated electrical
steel sheets, and a thin-film insulation coating having a thick-
ness in the range of about 1.0 to 3.0 um, which is coated on the
electrical steel sheets to provide interlayer insulation between
the electrical steel sheets.

The actuator may be a core mounted with a coil on the outer
surface thereof to generate an electromagnetic force when
current is applied thereto, and the shaft may be formed via a
permanent magnet and configured to move in opposite direc-
tions to each other according to the direction of current
applied to the coil. Furthermore, the shaft may be made of
steel that moves when current is applied to the coil. When the
shaft is made of steel, the actuator further may further include
a return spring that provides an elastic force in order to return
the shaft to its original position, and one end of the return
spring may be coupled to the shaft and the other end of the
return spring may be coupled to the motor case.

The actuator may also include a cylinder having a first port
and a second port at both ends thereof, and a piston that
linearly moves within the cylinder according to an oil pres-
sure supplied to the cylinder. In addition the shaft may be
connected with the piston.

The actuator may also be the core which is axially rotated
by power from the motor and coupled to the shaft to transfer
power thereto. The core and the shaft may be configured by a
rack-and-pinion gear or a worm gear so that the shaft linearly
moves by the rotation of the core.
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The controller may be configured to control the actuator for
the rotor core to be rotated while it is disposed within a first
coating portion or while it is disposed within a second coating
portion in accordance to rotational speed of the motor. More
specifically, the controller may be configured to control the
actuator so that the rotor core is rotated while it is disposed
within the first coating portion at low speeds, and the rotor
core is rotated while it is disposed within the second coating
portion at medium to high speeds.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 is a diagram of a conventional motor used in an
environment-friendly vehicle;

FIG. 2 is a diagram for describing a motor for an environ-
ment-friendly vehicle according to an exemplary embodi-
ment of the present invention;

FIG. 3 is a diagram for illustrating another embodiment of
an actuator in a configuration of FIG. 2;

FIG. 4 is a diagram for illustrating an operational state of
the motor according to the exemplary embodiment of the
present invention at medium and high speeds; and

FIGS. 5 and 6 are graphs for illustrating changes in copper
loss and torque of the conventional motor and the motor
according to the exemplary embodiment of the present inven-
tion at low speeds.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various preferred features illustrative of the basic
principles of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference will now be made in detail to various
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings and described
below.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

Unless specifically stated or obvious from context, as used
herein, the term “about” is understood as within a range of
normal tolerance in the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
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10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

Additionally, it is understood that the below methods are
executed by at least one controller. The term controller refers
to a hardware device that includes a memory and a processor.
The memory is configured to store the modules and the pro-
cessor is specifically configured to execute said modules to
perform one or more processes which are described further
below.

Furthermore, the control logic of the present invention may
be embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of the computer readable mediums include, but are
not limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
medium can also be distributed in network coupled computer
systems so that the computer readable media is stored and
executed in a distributed fashion, e.g., by a telematics server
or a Controller Area Network (CAN).

A motor used for an environment-friendly vehicle accord-
ing to the exemplary embodiment of the present invention
includes a stator core 20 that includes a first coating portion
21 and a second coating portion 22 each of which have a
different thickness of insulation coating. The coating portions
21 and 22 are configured to be adjacent to each other, wound
with a coil on the outside thereof and fixedly installed in a
motor case 11. The motor also includes a rotor core 30 move-
ably installed movably in a lengthwise direction of the stator
core 20 to be positioned within the first coating portion 21 or
positioned in the second coating portion 22 depending upon
the speed of the motor, as well as being rotatable in the stator
core 20. A shaft 40 is integrally coupled with the rotor core 30
while penetrating the rotor core 30 and an actuator 50 is
connected with an end portion of the shaft 40 to provide a
movable force to the shaft 40. Furthermore, a controller 60 is
configured to control an operation of the actuator 50.

Herein, the stator core 20 is formed by laminating a plu-
rality of electrical steel sheets 23 having a reduced thickness
in order to reduce hysteresis loss (iron loss), and insulation
coating is provided between the electrical steel sheets 23 for
interlayer insulation of the electrical steel sheets 23. The
stator core 20 is divided into the first coating portion 21 and a
second coating portion 22 according to the thickness of the
insulation coating.

That is, the first coating portion 21 includes a plurality of
laminated electrical steel sheets 23 and thin-film insulation
coating 24 having a thickness in a range of about 0.5 to 1.0
um, which is coated on the electrical steel sheets 23 for
interlayer insulation between the electrical steel sheets 23.
Since the thin-film insulation coating 24 is very thin, the
thickness of the electrical steel sheet 23 which is a pure core
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providing a movement passage of magnetic flux may be rela-
tively larger and thus, the movement passage of the magnetic
flux may be additionally secured. Accordingly, when the rotor
core 30 is rotated with the rotor core 30 positioned within the
first coating portion 21 at low speeds where the hysteresis loss
(iron loss) of the motor is slight, the power loss (copper loss)
of'the motor may be minimized and thus, the motor efficiency
at low speeds may be increased.

In addition, the second coating portion 22 may include a
plurality of laminated electrical steel sheets 23 and a thin-film
insulation coating 25 having a thickness in the range of about
1.0 t0 3.0 um, which is coated on the electrical steel sheets 23
to provide an interlayer insulation between the electrical steel
sheets 23. The coating thickness of the medium-film insula-
tion coating 25 is thicker than the thin film coating portion and
the thickness of the electrical steel sheet 23 is relatively small
as a result, which minimize the hysteresis loss (iron loss) at
medium/high speeds to increase the efficiency of the motor.
Accordingly, when the rotor core 30 is rotated with the rotor
core 30 positioned within the second coating portion 22 at
medium/high speeds where the weight of the iron loss is
increased, the iron loss is minimized, thereby increasing the
motor efficiency at medium and high speeds.

Meanwhile, when the thickness of the thin-film insulation
coating 24 is less than 0.5 pm, the motor efficiency decreases
as the irons loss is increased, and as a result, in the exemplary
embodiment of the present invention, the lower limit thick-
ness of the thin-film insulation coating 24 is preferably
greater than or equal to 0.5 pm and the upper limit thickness
of'the thin-film insulation coating 24 is preferably less than or
equal to 1.0 um.

In addition, when the thickness of the medium-film insu-
lation coating 25 is more than 3.0 um, the thickness of the
electrical steel sheet 23 relatively decreases, and as a result, an
insulation effect is increased and since the iron loss decreases,
the motor efficiency at medium and high speeds increases, but
manufacturing costs are significantly increased. Therefore, in
the exemplary embodiment of the present invention, the
upper limit thickness of the medium-film insulation coating
25 is preferably less than or equal to 3.0 pm and the lower
limit thickness of the medium-film insulation coating 25 is
preferably greater than or equal to 1.0 pm. This range of
values prevents manufacturing costs from being significantly
increased by increasing the motor efficiency.

Further, in the stator core 20 according to the exemplary
embodiment of the present invention, the second coating
portion 22 is thicker than the first coating portion 21. The
reason is that the first coating portion 21 is used more often
than the second coating portion 22, thereby making the motor
efficiency higher at medium and higher speeds.

Meanwhile, since the actuator 50 is embodied as a core 52
mounted with a coil 51 on the outer surface thereof in order to
generate an electromagnetic force when current is applied,
the shaft 40 may be formed by a permanent magnet to move
in opposite direction to each other according to the direction
of current applied to the coil 51. Therefore, when forward-
direction current flows on the coil 51, as the shaft 40 moves to
the left side where the actuator 50 is present, the rotor ore 30
moves to the left side of the stator core 20 to be positioned in
the first coating portion 21, while when backward-direction
current flows, as the shaft 40 protrudes from the actuator 50 to
move to the right side, the rotor core 30 moves the right side
of the stator core 20 to be positioned in the second coating
portion 22.

As another exemplary embodiment, when the actuator 50
is configured by the core 52 mounted with the coil 51 on the
outer surface thereof in order to generate the electromagnetic
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force when current is applied, and the shaft 40 may be made
of steel that moves when current is applied to the coil 51. In
particular, actuator 50 may further include a return spring that
provides an elastic force in order to return the shaft 40 to its
original position. In this case, one end of the return spring 53
may be coupled to the shaft 40 and the other end of the return
spring 53 may be coupled to the motor case 11. Therefore,
when no current is applied to the coil 51, as the shaft 40 moves
to the left side where the actuator 50 is present as illustrated in
FIG. 2, the rotor core 30 moves to the left side of the stator
core 20 by force from the returning spring 53 to be positioned
in the first coating portion 21. On the other hand, when current
is applied to the coil 51, as the shaft 40 protrudes from the
actuator 50 against the force of the return spring 53 to move to
the right side, the rotor core 30 moves the right side of the
stator core 20 to be positioned in the second coating portion
22 as illustrated in FIG. 4.

As yet another embodiment, when the actuator 50 includes
acylinder 56 having a first port 54 and a second port 55 at both
ends thereof as illustrated in FIG. 3, and a piston 57 that
linearly moves in the cylinder 56 according to an oil pressure
supplied to the cylinder 56, one end of the shaft 40 is installed
to be connected with the piston 57. In this case, a penetration
portion of the cylinder 56 by the shaft 40 is sealed to keep an
airtight seal from the outside. Therefore, when oil pressure is
supplied to the first port 54 by the control of the controller 60,
the piston 57 moves to the right side and the shaft 40 also
moves to the right side from the state illustrated in FIG. 3, and
as aresult, the rotor core 30 is positioned in the second coating
portion 22, while when oil pressure is supplied to the second
port 55, the piston 57 moves to the left side and the shaft 40
moves to the left side from the state illustrated in FIG. 3, and
as a result, the rotor core 30 is positioned in the first coating
portion 21.

As yet another embodiment, the actuator 50 may be the
core 52 which is axially rotated by power of the motor and
coupled to transfer power to the shaft 40. In this case, the core
52 and the shaft 40 may be configured as a rack-and-pinion
gear or aworm gear so that the shaft 40 may linearly move due
to the rotation of the core 52.

In addition, the controller 60 may be configured to receive
signals associated with a rotational speed and torque of the
motor from an input unit 70 to control the operation of the
actuator 50. Herein, the controller 60 may be a motor con-
troller provided in the motor therein or a remote controller
installed elsewhere in the vehicle. When the rotational speed
of'the motor is equal to or less than 2000 rpm, the correspond-
ing section may be identified as operating at a low speed and
when the rotational speed of the motor is 2000 equal to or
greater than 2000 rpm, the motor may be identified by the
controller as operating at a medium/high speed.

Herein, an operation of the embodiment of the present
invention will be described.

When the controller 60 determines that the motor is oper-
ating at a low speed according to an operating state of the
motor, the shaft 40 moves to the left side where the actuator 50
is located as illustrated in FIG. 2 by the operation of the
actuator 50, and as a result, the rotor core 30 moves to the left
side of the stator core 30 to be rotated while being positioned
in the first coating portion 21.

When the rotor core 30 is rotated in the first coating portion
21 of the stator core 20 while the motor is operating at a low
speed where the hysteresis loss (iron loss) of the motor is
minimal as described above, the movement passage of the
magnetic flux may be additionally secured through the elec-
trical steel sheet 23 having a relatively large thickness. There-
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fore, the power loss (copper loss) of the motor may be mini-
mized, and as a result, the motor efficiency may be increased
at low speeds as well.

In addition, when the controller 60 determines that the
motor is operating at medium/high speeds according to the
operating state of the motor, the shaft 40 protrudes from the
actuator 50 to move to the right side by the operation of the
actuator 50, and as a result, the rotor core 30 moves to the right
side of the stator core 30 to be rotated within the second
coating portion 22 as illustrated in FIG. 4.

When the rotor core 30 is rotated in the second coating
portion 22 of'the stator core 20 at medium/high speeds where
the weight of the hysteresis loss (iron loss) is increased, the
iron loss may be minimized, and as a result, the efficiency of
the motor may be increased. That is, in the exemplary
embodiment of the present invention, as the rotor core 30 may
be rotated in the second coating portion 22 having large
insulation coating in the medium and high speeds like a
general motor, the iron loss is minimized, and as a result, the
motor efficiency increases, while as the rotor core 30 may be
rotated in the first coating portion 21 having thinner insulation
coating at low speeds, the copper loss is minimized, and as a
result, the motor efficiency increases.

Meanwhile, FIG. 5 is a graph illustrating the reduction in
the copper loss (reduction of a current amount) at low speeds
based on the same torque being applied and FIG. 6 is a graph
illustrating the increase in motor torque at low speeds based
on the same current input. As illustrated, the copper loss is
decreased in the motor according to the exemplary embodi-
ment of the present invention that of conventional motor by
approximately 3.2% and furthermore, the torque is increased
in the motor according to the exemplary embodiment of the
present invention by approximately 1.0% in comparison to
the conventional motor. As a result, the mean efficiency of the
motor is improved overall.

Advantageously, in the motor for the environment-friendly
vehicle of the present invention, since a rotor core can be
rotated within a thin-film coating part which is subjected to
thin insulation coating at low speeds, the motor efficiency can
be increased by minimizing the copper loss and since the rotor
core can be rotated within a medium film coating portion at
medium/high speeds, the motor efficiency can be increased
by minimizing the iron loss at medium/high speeds.

The invention has been described in detail with reference to
preferred embodiments thereof. However, it will be appreci-
ated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
appended claims and their equivalents.

What is claimed is:

1. A motor for an environment-friendly vehicle, compris-
ing: a stator core including a first coating portion and a second
coating portion each having a different thickness of insulation
coating, respectively, wherein the first coating portion and the
second coating portion are adjacent to each other, wound with
a coil on an outside thereof and fixedly installed in a motor
case;
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a rotor core movably installed in a lengthwise direction of
the stator core to be positioned within either the first
coating portion or the second coating portion depending
upon a speed of the motor, as well as be rotatably in the
stator core;

a shaft integrally coupled with the rotor core and penetrat-
ing the rotor core;

an actuator connected to an end portion of the shaft to
provide a movable force to the shaft; and

a controller configured to control an operation of the actua-
tor,

wherein the first coating portion includes a plurality of first
electrical steel sheets which are laminated with each
other and a plurality of thin-film insulation coatings
which are disposed between the first electrical steel
sheets respectively,

wherein the second coating portion includes a plurality of
second electrical steel sheets which are laminated with
each other and a plurality of medium-film insulation
coatings which are disposed between the second electri-
cal steel sheets respectively, and

wherein each medium-film insulation coating is thicker
than each thin-film insulation coating.

2. The motor of claim 1, wherein the second coating por-

tion is thicker than the first coating portion.

3. The motor of claim 1, wherein the thin-film insulation
coating has a thickness in a range of about 0.5 to 1.0 um.

4. The motor of claim 1, wherein the medium-film insula-
tion coating has a thickness in a range of about 1.0 to 3.0 um.

5. The motor of claim 1, wherein the actuator is a core
mounted with a coil on an outer surface thereof to generate an
electromagnetic force when a current is applied thereto, and
the shaft is formed by a permanent magnet to move in oppo-
site directions to each other according to a direction of current
applied to the coil.

6. The motor of claim 1, wherein the actuator is a core
mounted with a coil on an outer surface thereof to generate an
electromagnetic force when current is applied, and the shaftis
made of steel that moves when current is applied to the coil.

7. The motor of claim 1, wherein the actuator includes a
cylinder having a first port and a second port at both ends
thereof, and a piston that linearly moves within the cylinder
according to an oil pressure supplied to the cylinder, and the
shaft is connected with the piston.

8. The motor of claim 1, wherein the controller is config-
ured to control the actuator so that the rotor core is rotated
while disposed within a first coating portion or disposed
within a second coating portion in accordance to rotational
speed of the motor.

9. The motor of claim 8, wherein the controller controls the
actuator so that the rotor core is rotated while disposed within
the first coating portion at low speeds, and the rotor core is
rotated while disposed within the second coating portion at
medium and high speeds.
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